A composite material is a material consisting of two or more chemically distinct constituents, on a macroscale, having a distinct interface separating them. In practice, polymer matrix composites consist of fiber and particulate reinforced composites as biomaterials.
Much effort has been invested in the development of composite biomaterials for the repair or replacement of hard tissue. Besides the general consideration of biocompatibility, the specific consideration for bone replacement materials is of biomechanical nature: the biomaterials should possess the mechanical properties necessary for a proper performance in their function. Other properties, such as biodegradation and the ability to bond to bone ( so-called "bonebonding" property) , are some additional favourable assets. The bone bonding property can be defined as "the establishment by physicochemical processes of a continuity between implant and bone matrix". Bone bonding properties -often called "bioactivity"-have been proven to be of great benefit for bone replacement materials.
The use of polymer matrix composites for bone replacement may offer the advantages of avoiding the problem of stress shielding ( a problem encountered when using high modulus metal implants) , eliminating the need for a second surgical procedure to remove the implants if the implants can be biodegradable and eliminating the ion release problem of metal implants. The possibility to make the composites as strong as cortical bone and to improve the material's bioactivity or bone bonding activity by adding a secondary reinforcing phase makes the composites very attractive. Fibers and ceramic filler particles have been used to reinforce the polymer materials as well as to improve the bone-bonding properties of the composites.
1-Fiber Reinforced Composites
Carbon fiber, aramid ( Kevelar) , and glass fiber usually possess very high strength and stiffness and therefore have been frequently used to reinforce polymers such as epoxy resin, polyetheretherketone ( PEEK), polysulfone ( PS), polymethyl methacrylate ( PMMA) , poly( lactide) , poly( glycolide) , polycaprolactone, etc. ( Table 13 . 1).
By proper choice of the type of polymer matrix and the fiber, the composites can be made totally biodegradable, partially degradable, or non-biodegradable. Also the mechanical properties can be tailored by combining different polymer matrices and fibers. As an example, 30% carbon fiber reinforced PEEK composites have an elastic modulus of 17 GPa ( bone 7 -20 GPa), a flexural strength of 320 MPa ( bone 150 -250 MPa).
Bone bonding can be improved by using certain bioactive fibers. It has been shown that when bioactive glass reinforced polysulfone composites were implanted for 6 weeks, direct apposition of bone tissue with bioactive glass fibers could be observed. Bone tissue was also observed in direct apposition to polymers surrounding the glass fibers.
When making fiber reinforced composites, the mechanical properties of the polymer matrix and the fiber are certainly important for the mechanical properties of the composites. However, the interfacial bonding strength between fibers and polymer matrix is usually weaker than the polymer matrix. Therefore, the fatigue fractures usually occur at the interface of fiber and polymer.
When the composite is exposed to an in vivo environment, the interface of fiber and polymer can be further deteriorated. Several studies have shown the effect of water in simulated in vivo environments on the interfacial bonding strength of ceramic or glass fiber and polymer. These results clearly indicated that there is a need for the improvement of the interface of fiber/polymer matrix to improve both the mechanical properties of the composites and the wet stability of the interfacial bond.
2-Filler Reinforced Composites
The use of particulate fillers to reinforce polymeric biomaterials is quite important and successful in clinical applications, like dental restorative resins and bone cement.
The purpose of using filler particles in the polymer matrix is to improve the mechanical properties such as the elastic modulus, fatigue behaviour and to improve the bioactivity or bone-bonding properties . Some other benefits may also obtained by using fillers, such as to diminish the creep of the composites and to decrease the temperature rise during the polymerization of bone cements.
The use of bioactive filler such as hydroxyapatite ( HA) , AWTM ceramic or BioglassTM particles to reinforce a polymer may improve both the mechanical properties and the bone bonding properties. It has been indicated that the elastic modulus of polyethylene( PE) can be increased from 1 GPa to about 8 GPa, which is in the low band of the value for bone, retaining fracture toughness comparable to bone. When implanted in vivo, the HA/PE composites can induce bone apposition and thus create a secure bond between the natural bone and the implant. Inspired by this work, researches have been extended to the biodegradable polymer matrix. When implanted in vivo, such composites will induce bone formation or bone ingrowth and as the biodegradable polymer matrix degrades the implant will finally be replaced by bone tissue. The load thus can be gradually transferred to the newly formed bone. Based on this idea, several hydroxyapatite reinforced biodegradable polymer composites have been developed, such as HA/polyhydroxybutyrate, and HA/polylactide.
The use of a filler to reinforce a biodegradable polymer matrix offers another advantage: the possibility to control the biodegradation rate. It has been shown that by adding of basic fillers, such as HA and magnesium oxide, the degradation rate as well as the degradation mechanism of poly ( DL-lactide) and poly( L-lactide ) can be changed.
